Introduction
Enterococci may acquire various types of glycopeptide antibiotic resistance via van-associated genetic elements (vanA/B/D/E/G/L), of which vanA and vanB are the most prevalent in clinically relevant species [1, 2] . Although vancomycin-resistant enterococci are seldom encountered in serious clinical infections, they occasionally cause invasive infections notably in immunocompromised hosts. Some of these infections, particularly those caused by Enterococcus faecium, are often difficult to treat since only few antimicrobial treatment options are available. Vancomycin-resistant E. faecium and E. faecalis (referred to as VRE throughout this paper) became mandatorily notifiable according to the Swedish Communicable Diseases Act in January 2000, and in 2004 an amendment concerning mandatory contact tracing was added.
According to studies performed in the late 1990s the prevalence of VRE in Sweden was low in the community and in healthcare facilities [3, 4] and remained so until the year 2006 with no more than 0.2-0.4 cases per 100,000 inhabitants and year [5] . Only a few minor healthcare -related outbreaks involving less than 20 patients each occurred during that period [6, 7] . The prevalence of VRE among invasive E. faecium blood isolates in Sweden as reported to the European antimicrobial resistance surveillance system (EARSS; data representing more than 75% of the population) was generally less than 1% for most of the period from 2001 to 2006 [8] . This prevalence is clearly lower than reported from some other European countries [8, 9] .
In the autumn of 2007, there was a distinct increase in the number of persons infected or colonised with VRE as reported from various hospitals in Stockholm County. During 2008, this increase was also noted in two other counties, Västmanland and Halland, and the total number of reports increased more than 10-fold between 2007 and 2008, showing little or no tendency to decrease during the first months of 2009. The aim of this study was to describe the epidemiology of the dissemination of VRE in the affected counties.
Methods

National surveillance system for vancomycin-resistant enterococci
In Sweden, contact tracing is performed whenever VRE is detected in a clinical sample. Furthermore, screening for VRE is recommended in all patients who have recently received any medical treatment abroad. A case of VRE is defined as a person with a clinical VRE infection or a person colonised with VRE.
All cases of VRE are mandatorily reported via the national internet-based reporting system SmiNet2 [10] . Case reports are created in this system combining information from the laboratory notification on species and van gene with the clinical notification from the treating physician which contains epidemiological information on country of acquisition, route of transmission and reason for sampling. The descriptive epidemiology of the cases presented in this report is based on data from SmiNet2 covering the period from 1 July 2007 to 28 February 2009. The primary information from the clinical notifications was reviewed and complemented with additional information collected during our investigation in collaboration with the County Departments of Communicable Disease Control, infection control teams and the regional clinical microbiological laboratories.
Identification and susceptibility testing of vancomycin-resistant enterococci
A preliminary diagnosis of VRE in a clinical sample is based on standard methods for culture, species identification and susceptibility testing. Guidelines for susceptibility testing are provided by the Swedish Reference Group for Antibiotics and are followed by the clinical laboratories [11] . It is recommended that all enterococci are tested for susceptibility to vancomycin and that results are reported back to the clinician for treatment guidance. The preliminary diagnosis of VRE is subsequently verified using genotypic (PCR-based) methods identifying the van genes [12] . Phenotypic detection of vancomycin-resistant E. faecium or E. faecalis, combined with detection of genetic resistance markers in the isolate constitutes the Swedish case definition for notifiable VRE infections and colonisations.
Contact tracing and screening are done by sampling from faeces and, if applicable, from insertion sites of indwelling catheters and catheter urine, and sometimes also from apparent infection sites on skin and soft tissue. The samples are cultured over night in broth containing vancomycin 4 mg/ L [13] , followed by detection through phenotypic or genotypic (PCRbased) methods. Before 2009 some Swedish laboratories used selective broth containing higher vancomycin concentrations 32 mg/L, designed for detection of enterococci with the vanA gene.
During the present investigation, all VRE isolates (with the exception of the majority of isolates from Stockholm County) were submitted to the Swedish Institute for Infectious Disease Control (Smittskyddsinstitutet, SMI) for genetic confirmation of van genes and speciesspecific ddl genes [12] . VRE isolates from Stockholm were investigated using identical methods at the Department of Clinical Microbiology and Infection Control, Huddinge, and representative isolates were also analysed at SMI.
Epidemiological typing
Epidemiological typing was performed using pulsedfield gel electrophoresis (PFGE). Mapping of SmaIdigested DNA was performed according to standard procedures for PFGE [14] , using the CHEF Mapper XA system (Bio-Rad Laboratories) set at 6 V/cm. PFGE patterns, comprising bands within the size range 48-400 kb, were analysed and compared using BioNumerics software (version 5.01, Applied Maths). The Dice coefficient was used for pair-wise comparisons of patterns, and the unweighted pair group method with arithmetic mean (UPGMA) for pattern groupings. Position tolerance and optimisation were both set at 1%. PFGE band patterns were defined as identical (100% pair-wise Dice similarity), closely related (>90% pair-wise Dice similarity) or unrelated (< 90% pair-wise Dice similarity).
Results
During the period from 1 July 2007 to 28 February 2009, a total of 760 VRE cases were reported nationally via SmiNet2 from 13 of 21 Swedish counties, including 493 from Stockholm, 128 from Västmanland and 100 from Halland. The majority of the persons (n=738, 97.1%) had acquired VRE in Sweden. These 738 domestic cases were notified from 10 counties, and E. faecium vanB was the most commonly reported strain (n=634, 85.9%). (Figure 1 and Table) .
Of the 634 E. faecium vanB cases reported, 610 (96%) were healthcare-related. The epidemic curve for these 610 healthcare-related cases is shown in Figure 2 . Spread of E. faecium vanB was reported in several hospitals in the affected counties as well as homes for the elderly. The mean age of the 610 domestic healthcarerelated cases with E. faecium vanB was 72 years for females (range 1-98 years, n=291) and 68 years for males (range 22-96 years, n=319).
Reason for sampling and site of isolation
Of the 610 healthcare-related domestic E. faecium vanB cases reported, 52 (8.5%), had clinical infections and 494 were colonised. Of these 494, 410 (67%) were identified through contact tracing and 84 (14%) through screening. In 64 (10.5%) of the 610 cases there were miscellaneous, or unknown, reasons for sampling.
According to the first laboratory notifications for each case, the majority of VRE (85%) were isolated from faecal samples, and 5% each from wound and urine samples. The remaining 5% were collected from various other sampling sites. Blood-stream infections caused by VRE were reported for 15 cases during the period from 1 July 2007 to 28 February 2009.
Clonal dissemination of E. faecium vanB
All examined isolates (n=226) of E. faecium vanB from the counties of Västmanland and Halland and 93% of the isolates from Stockholm County gathered during the study period, had identical or closely related PFGE patterns indicating a clonal dissemination (Figure 3 ). Ten isolates of this E. faecium vanB were identified as the cause of invasive bloodstream infections. The isolates had a MIC of vancomycin ranging from 4 mg/L to >128 mg/L (median value: 32 mg/L, with 80% of the isolates in the range 16-64 mg/L) and a median MIC for teichoplanin of 0.125 mg/L (range: 0.064-0.25 mg/L). The isolates were resistant to ampicillin, ciprofloxacin and macrolides and exhibited low-level resistance to gentamicin. Susceptibility testing for linezolid, tigecycline, daptomycin and quinupristin/dalfopristin was performed on a few of the isolates. However, resistance to linezolid and tigecycline was never recorded, while varying susceptibility profiles were recorded for the other two compounds.
Discussion and conclusion
Our report describes a current strong increase in mandatorily reported cases of VRE in healthcare facilities in three geographically separate regions of Sweden, i.e. the counties of Stockholm, Västmanland and Halland. This increase was largely characterised by clonal dissemination of an E. faecium vanB strain as revealed by contact tracing and screening performed in connection with VRE infections detected in healthcare facilities in these counties. The cause of the dissemination is unknown, and no major changes in the general hospital infection control policies such as changes of nurses per bed ratios or antibiotic policies had been introduced that could explain the increased VRE prevalence.
The three counties accounted for the majority of all domestic cases of VRE reported to the SMI during a period of 20 months from July 2007 to February 2009. Despite the marked geographical separation between these counties, the E. faecium vanB isolates were apparently genetically closely related according to the typing results of the isolates. The PFGE pattern of the current strain is seemingly new and has not been seen previously among vancomycin-resistant E. faecium isolates in Sweden. Moreover, when compared to PFGE-patterns of a large collection of VRE isolates in Germany, a pattern corresponding to that of this Swedish strain could not be identified (G Werner, personal communication, 2009). Investigations to find possible links to vancomycin-susceptible E. faecium isolates are ongoing, including MLST-typing, since such connections have been described in other outbreak situations [15] .
No apparent epidemiological link between the three major affected counties has been identified. Still, some patient exchange does take place between the involved counties, hence a possible epidemiological link involving patients whose VRE-positive status was undetected cannot be excluded.
More than 80% of the healthcare-associated cases with E. faecium vanB were identified through contact tracing or screening, and only 9% had a clinical infection. This proportion of clinical infections versus colonisations is in accordance with that reported in a previous outbreak report in Finland [15] . During the study period, 15 of our patients were reported to have a bloodstream infection caused by VRE, ten of which had E. faecium vanB. This compares to a total of 19 bloodstream infections caused by VRE notified in SmiNet2 during the entire period from 2000 to 2006.
The methods used for microbiological processing of the samples obtained from contact tracing and screening for VRE were optimised during the study period (unpublished data). The reference methodology previously endorsed in Sweden, published by the Swedish Society of Medicine and SMI [16] , was designed for the selective isolation and identification of the vanA phenotype and therefore included an enrichment broth containing 32 mg/L of vancomycin. Experiences from the affected healthcare facilities demonstrated that VRE may be found at scattered places in the environment of the wards. It has also proved important to meticulously follow the local cleaning instructions to eradicate VRE from the environment. Intense educational efforts have been taken to persuade the ward personal to follow the basic infection control practices stated by Swedish law [17] . In addition, local educational efforts to increase awareness of hygiene among patients and hospital visitors have been made. Food buffets in the affected hospitals have been removed, and probiotic treatment using yoghurt supplemented with Lactobacillus rhamnosus, has been offered to patients in affected wards [18] .
This report describes the, to date, largest known dissemination of VRE in healthcare settings in Sweden. Although occurring in geographically separate counties, the bacteria share the same PFGE pattern indicating a clonal origin. Vigorous counter measures were taken in order to prevent further local and national spreading of these bacteria. Owing to these measures the rate of new cases decreased substantially, but new cases carrying the E. faecium vanB strain were still detected.
